The zoo effect has strong implications for the design of econometric models. Ignoring it, Borcherding and Deacon (1972) and Bergstrom and Goodman (1973) would erroneously attribute the positive relationship between the level of local public expenditure and the size of jurisdictions exclusively to crowding. Consequently, estimates of congestion may be upwardly biased: the "zoo effect".
However, there is very little empirical evidence of this effect. The pioneering work on this phenomenon was done by Schmandt and Stephens (1960) , prior to its formalization by Oates (1988) . Using a data set of 19 Milwaukee county municipalities, Schmandt and Stephens (1960) built a service index based on a sharp partition of municipal services into 550 subfunctions 2 . They approximated the range of municipal public services with the number of activities performed by each municipality. As a result, they observed that the bigger the locality, the more diversified the supply of municipal services. To our knowledge, there is no other measure specific to the zoo effect in the literature.
In this paper, we try to test the existence and assess the magnitude of this bias using a dataset of 2,533 local French groups of municipalities (communities). For many years and especially since 1999, the French government has encouraged the creation of voluntary groups of municipalities to solve the problem of "municipal fragmentation" in France.
3 These communities group together several municipalities to enable collective financing and management of some local public services. We focus on the range of local public services provided by the French communities. Local public services typical of these jurisdictions are based on and benefit from substantial economies of scale, allow to internalize spillover effects in production, and reduce coordination difficulties by enabling a higher decision level than the municipality.
Our estimation results provide evidence of a zoo effect in French local jurisdictions. In other words, we find that larger communities provide a broader range of services than smaller ones. Therefore, inter-municipal cooperation seems to provide a way to increase the range of local public services through the supply of new indivisible public goods. We also find that the extent of the zoo effect varies along the urban-rural gradient. It is less intense in rural than in urban communities, suggesting that urban areas enable more substantial economies of scale.
Our contribution extends the existing literature in two ways. First, we study the impact of population size on the range of the local public services provided in the French case for the first time, and contribute to work on the empirical significance of the zoo effect. Second, the issues raised by the zoo effect contribute to the debate on the optimal organization of the public sector. In terms of policy, centralization vs. decentralization means the tradeoff between greater economies of scale (i.e. less expensive public services) vs. a better match between local public services supplied and spatially heterogeneous citizens' preferences (Tiebout, 1956) . The empirical implication of the zoo effect is that there are strong incentives to share the costs of some services among a larger population, that is, to enable bigger local jurisdictions. Finally, in terms of public policy, our results confirm the relevance of government incentives to develop cooperation among local municipalities in more densely populated areas.
The paper is organized as follows. Section 2 discusses the theoretical foundations of the zoo effect. The French institutional context is presented in Section 3 and Section 4 presents the methodology and econometric model. Section 5 provides the results of our estimations.
2
The range of local public services and population size
To describe the zoo effect, we use the general and very simple framework developed by Oates (1988) . Let us assume that E, the level of expenditure in one jurisdiction on a range of services is a continuous function of L, the level of individual services, and R, the range of services provided, that is:
We assume also that both L and R are increasing functions of population size, N:
More specifically, L is defined in the literature as , where TL is the total level of services provided by the jurisdiction with a population N, and is the crowding parameter (or the "capturability parameter") such as where is the population elasticity of spending, and is the price elasticity of demand.
The total derivative can be written:
where both terms on the right-hand side of (3) are positive.
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The population elasticity of expenditures for the level of local services becomes: (4) with the zoo effect component and the real population elasticity in comparison with , estimates of the population elasticity provided by Borcherding and Deacon (1972) , and Bergstrom and Goodman (1973) . This explains why ignoring the zoo effect leads to upwardly biased estimates of the population elasticity for the congestion parameter.
Our aim is to establish the empirical significance of the zoo effect by testing for its presence and estimating its magnitude. We then focus on estimation of the relationship between the range of public goods and the jurisdiction size, that is R=h(N).
3
The French institutional context
Since the beginning of the 1990s, several laws have been published relating to local cooperation in France. 4 Based on the volunteer principle, neighboring municipalities that want to collectively finance and manage some public services can create, or join, a group of municipalities; let us call it a community. This supra-municipal structure co-exists with the municipal structure and must meet both "exclusivity" and "specialty" principles: the competences assigned to a community do not apply to any other local government unit and delimit the boundaries of their decisional power. Since 1999, this form of local cooperation has been widely promoted by the government, using financial incentives, as a solution to the problem of "municipal fragmentation". Communities, it is hoped, will enable substantial economies of scale that reduce public expenditures and limit fiscal and spending inequalities between member municipalities. This dual objective is targeted by transferring tax and spending abilities from municipalities to communities.
In 2010, 95% of French municipalities belonged to a community. The average community involves 13.2 municipalities. Communities (displayed in Map 1) almost cover the whole metropolitan France (excluding Corsica).
There are three jurisdictional forms for French communities, based on demographic criteria: the communauté urbaine (CU), with a minimum of 500,000 inhabitants, the communauté d'agglomération (CA), 50,000 inhabitants 4 There are three main laws on the development of communities in France: the law of 6 th February 1992 lays the basis for inter-municipal cooperation and was reinforced and simplified by the law of 12 th July 1999, and the law of 13 th August 2004 which rationalized the inter-municipal map. with a member municipality bigger than 15,000 inhabitants, and the communauté de communes (CC) that does not require any demographic criteria. These demographic criteria generate a rural-urban gradient, CUs and CAs being almost exclusively present in the urban space, while communities in rural areas are CCs (see Table 1 ). In practice, municipalities "democratically" decide which services will be delegated to the community among a total of 84, broken down in 14 categories (see Table A in the appendix). More precisely, every service consideredat the qualified majority 7 -as being of "community interest" will be financed and managed collectively by the community. These decisions are made at the time that the community is formed, but changes are possible at any time, on the initiative of the municipal or community councils. The community is managed by a board of delegates elected by member municipalities from their local councilors, at the absolute majority.
8 Therefore, unlike municipalities, "départements" or regions, communities operate under indirect democracy and therefore, remain a decision making level and not a proper administrative level.
The jurisdictional status also involves some compulsory responsibilities. For instance, a CC must take responsibility for at least one service in the category of "spatial planning", and one in the area of "economic development and planning". Similarly, CAs are required to take on one responsibility in each of four specific categories, and CUs are required to take responsibility for six.
9 As a result, the most frequent services supplied by communities are economic planning and development, and garbage collection and treatment (see Table 2 ). Note that this in line with government aims related to coordination between local policies and economies of scale, which are particularly important in network services.
However, legal commitments are not a bias in our study. Inter-jurisdictional status (CA, CC, CU) may have an impact on the choices made by communities in relation to categories of competences, but more marginally on the number of services they supply. In our sample, only three communities have opted to manage only the minimum number of public services required by law. Moreover, the mean number of services supplied by communities is much higher, with a small standard deviation across communities. The average number of services for the whole sample is 17.5 with a standard deviation of 6.3.
7 Consensus is based on agreement among; (i) the biggest member municipality and (ii) two-thirds of the MCs (municipal councils of member municipalities) which represent more than 50% of the community population or (ii) 50% of the MCs which represent more than two-thirds of the community population. . 8 On condition that each municipality must have at least 1 seat, and in order that no single municipality can hold more than the half of the inter-municipal council's seats, the number of seats held will be proportional to the municipal population, or the same for each municipality, or the result of a bargaining process among the municipalities. 9 In addition to "space planning" and "economic development and planning", a CA must manage at least one service pertaining to "accommodation and housing conditions" and "urban policy"; a CU is required also take responsibility for a service relating to the "environment and living environment" category and one from a list of collective interest services.
4
The econometric model
Here we test the existence and assess the magnitude of the zoo effect among French communities. The basic idea is to estimate the impact of population size (N) on the range of public services (R) provided by communities. At the same time, we assume that the range of local public services depends on some exogenous socio-economic characteristics (X) of the community i.
Our estimation equation becomes:
More precisely, R is the number of services provided by the community. This database is provided by the DGCL and quarterly updated. For each community, it lists all member municipalities and, based on a national nomenclature, all the services provided, using 14 categories broken down in 84 services (see Table A in the appendix). Data sources for the variables are presented in Table B in the appendix.
N is the total population of the community. For a community grouping n municipalities j with a population , N is defined as follows:
Graph 1 represents the number of services supplied by communities in relation to population size (both in log). We observe first that it would seem to corroborate a positive and linear relationship between the two variables. SCoT and ZAC are town planning documents and responsibilities in the category "spatial planning". Percentages in parentheses denote the fraction of communities in the group considered, that take responsibility for a specific service. The range of local public services and population size ____________________________95 X includes the following variables: -A Herfindahl index (H) that takes account of the composition of the community in terms of population, that is, using the same notation as in equation 6:
The Herfindahl index (H) ranges from 1/n to 1. A high value of this index implies that the municipality includes a small number of heavily populated municipalities, while a low value correspond to a large number of small municipalities. The expected sign for the associated coefficient is uncertain for the following reasons. On the one hand, the number of services provided by the community depends in part on the choice of the municipalities involved to keep a public service at the municipal level, or transfer it to the community level. In other words, they will decide between giving up political power over a particular service (and risking weakening the links with their electorate), and attempting to reap the advantages of economies of scale and increase the coordination with neighboring municipal policies. In essence, the smaller the municipality, the smaller is the range of public services provided and the more responsibilities it will transfer to the community (Leprince and Guengant, 2002) . On the other hand, we can assume that if there are few big municipalities (i.e. high H), they can more easily coordinate to transfer expensive services to the community. -An urban dummy (DU) to take account of the spatial specificities of communities distinguishing between urban and rural communities. This dummy takes the value 1 for communities located in urban areas and 0 otherwise, and provides a check on whether the relationship between the supply of public services and population size differs along the rural-urban gradient. We also interact the dummy DU with population size. More specifically, as spillovers are commonly assumed to be more important for urban areas, we can expect the zoo effect to be more intense in these areas than in rural areas. Indeed, since communities allow spillovers to be internalized, urban municipalities will tend to transfer more competences to the inter-municipal level than their rural neighbors, ceteris paribus. Also, since member municipalities' populations become smaller as they become more rural, citizens will have more control over government's actions, and a demand model would provide a better fit than a supply one (Josselin et al., 2009) . Consequently, in order to preserve a strong link with citizens' preferences, rural municipalities will tend to retain decisional power for local public services and the zoo effect will be less intense. -Surf is the total surface area of the community. This variable is supposed to take account of some network effects. More specifically, since we are following a ceteris paribus reasoning and we are controlling for the total
population of the community with N, Surf actually measures the impact of population density on the number of services supplied by the community. Therefore, in communities with relatively low population density (i.e. for a given population level, the surface area is relatively large), the gains from economies of scale will be so small that municipalities will be more likely to retain decision-making powers and transfer few services to the community. This seems to apply to particular services, such as "road maintenance" and "water treatment and distribution", and we would expect it to be characteristic of rural communities. 11 Consequently, surface area will have a negative impact on the number of public services provided by the community, especially in rural areas more exposed to network effects. -U is the unemployment rate in the community calculated as a weighted average of municipal unemployment rates, where the weights are municipality populations. The expected impact of this variable on the number of competences is uncertain. On the one hand, if the existence of the community is seen as a solution to imbalances in the local labor market, we should observe a positive impact. On the other hand, municipalities with relatively high unemployment may prefer to retain decision making power in this sensitive area in order to maintain a close relationship with the voters. -G is a Gini coefficient that measures inequalities within the community.
Based on municipal unemployment rates, this indicator of heterogeneity tends towards 0 when total equality is reached, and towards 1 for maximum inequality. We assume that high heterogeneity within the community provides an incentive to retain some public services (such as social services) at municipality level. Then we can expect a negative sign for this indicator of inequality. -Pop15 and Pop60 respectively denote, for each community, the percentage of population aged under 15 and over 60 years. These variables are computed as a weighted average of municipal figures, where the weights are the municipalities' populations. The expected signs are uncertain. We can assume that if the shares of young and old people in the community are relatively high, then municipalities will tend to transfer more competences related to these populations (or corresponding to their demand for local public services particularly high) in order to decrease production costs based on economies of scale, or to improve the quality of the public services. However, municipalities also may wish to keep these competences for electoral reasons.
11 Alternatively, we could imagine that communities with relatively high population densities (i.e. for a given population level, the surface area is relatively small), there would be some congestion effects that would diminish the net gains released by economies of scale. Also, in that case, municipalities will be less keen, ceteris paribus, to transfer these competences. Here, we would expect this phenomenon to be characteristic of urban communities. Yet, none of the responsibilities that community can take on appears particularly sensitive to congestion effects.
Additionally, it would be interesting to study the impact of community political characteristics -such as political color or fragmentation-on the range of local public services provided by the community. However, this information is not available at this level of government.
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All variables are log-transformed. Summary statistics are presented in Table C in the appendix. Therefore, we analyze the determinants of the range of local public services provided in French communities, by specifying the model: (8) Finally, spatial externalities are accounted for explicitly in our model. Local officials communicate with each other and since communities in closer proximity will be able to communicate more easily, we should observe spatial dependence in the range of local public services provided by communities.
Econometrically, we test for the existence of spatial auto-correlation and use the appropriate specification and estimation procedure based on spatial econometrics developed by, among others, Anselin (1988) . We know from the literature on spatial econometrics that equation (8) cannot be estimated consistently using standard ordinary least squares (OLS), if there is spatial dependence. Maximum-Likelihood (ML) or instrumental variables (IV) estimation techniques are needed. The equation for this spatial autoregressive (SAR) model can be written as: (9) where W is the weighted matrix based on Euclidean distance decay such as W ij = 1/d ij and d ij is the distance between the centers of each community.
Second, the error term in equation (8) can exhibit spatial dependence, i.e. it can be correlated across communities. When there is spatial error dependence, the error vector follows the relationship: (10) 12 More precisely, we know the political color of town councils only for municipalities with more than 3,500 inhabitants. Even if we restrict our data sample to communities where every member municipality respects this criterion, we do not know the exact distribution of seats among municipalities on the inter-municipal council. This, we cannot take account of the political fragmentation, or even the political color, of the communities in our study.
where W is the same weight matrix as in equation (9) and ν is a well-behaved error vector. Spatial error dependence is likely to arise either when includes omitted variables that are also spatially dependent (such as the politics of the community) or when there are unobservable common shocks affecting neighboring jurisdictions (such as shocks related to the costs of providing local public goods) (Revelli, 2005) . Case et al. (1993) point out that if this spatial error dependence is ignored (λ=0), estimation of (9) might provide false evidence of strategic interaction. There are several approaches to deal with this problem (see Brueckner and Saavedra, 2000) . One is to estimate equation (9) taking account of the error structure given by equation (10), as in Case et al. (1993) . However, since Anselin (1988) claims that reliable estimation of the two separate parameters might be difficult, we use a different method which separately tests the hypotheses (λ=0) and (ρ=0) using the robust Lagrange multiplier tests developed by Anselin et al. (1996) .
Estimation results
Our estimation strategy is as follows. First, we estimate the model in equation (8) using OLS. The results of this estimation are shown in Table 3 , columns 1 and 2. We then run appropriate spatial tests based on the Lagrange multiplier (see Table D in the appendix). The SARMA test allows us to test the general hypothesis of the presence of spatial autocorrelation in our model. 13 By comparing the significance levels of LM LAG , LM ERR and their robust versions RLM LAG and RLM ERR , we can conclude that there is spatial error dependence.
14 We then use a non-linear optimization routine -the ML approach-in order to get unbiased and consistent estimators of the parameters in equations (8) and (10). The estimation results using ML are shown in Table 3 . Recall that a significant coefficient of lambda (in equation 10) may be caused either by the existence of omitted variables, which themselves are spatially dependent, or by unobservable common shocks on neighboring communities.
First, let us consider the main issue, which is the relationship between the range of local public services and population size. We find the parameter associated with ln(N) to be highly significant, with a positive coefficient (Table 4 , columns 1 to 4). We can conclude then that the range of public services provided by the community is an increasing function of its population size. Therefore, by gathering the citizens of various neighboring municipalities, communities can promote the range of local public services by supplying new indivisible public goods. Result 1: There is a "zoo effect" in the French communities. In other words, the variety of services provided in larger communities exceeds those in smaller communities.
In order to check if the zoo effect is higher in urban areas, we interact the urban dummy with population size (see Table 3 , columns 2 and 4). As expected, we find that the zoo effect is more intense in urban areas than in suburban and rural areas. There may be more substantial scale economies in urban than in rural areas. Moreover, this trend may be exacerbated by the fact that rural communities usually gather small municipalities that prefer municipal management in order to be more in line with the preferences of their citizens (Josselin et al., 2009 Result 2: The intensity of the "zoo effect" depends on the urbanrural gradient. It is less intense in rural than in urban areas.
This result could have major implications for public policy. Financial incentives for cooperation among municipalities should be fostered in urban areas.
In the specification with interaction terms (results shown in column 4), the impact of urban areas on the range of local public services provided must be interpreted by computing the sum of the intercept and the urban dummy (see Brambor et al., 2005) . In this case, the effect of urban areas is significantly positive (1.447), suggesting that the range of local public services is significantly higher in urban than in rural areas.
Let us turn now to the estimation results for the remaining exogenous variables. None of the control variables is significant with the exception of the proportion of older people which has the expected positive sign (see columns 2 and 4 in Table 3 ). This result reveals that community socio-economic characteristics are not very relevant to the number of services provided. This can be explained by the absence of a direct voting process, or the fact that the degree of integration at the inter-municipal level in the supply of local public services may be more sensitive to local parameters -such as local public decision-makers' preferences for the community-than the socio-economic characteristics of the jurisdiction. This last point is in line with the presence of spatial error dependence in our model (see Table D in the appendix).
Conclusion
Since many public goods are indivisible, the range of public goods should increase with jurisdictions' size, which is in line with the zoo effect defined by Oates (1988) . Using a dataset of French communities, i.e. local governments that gather several neighboring municipalities in order to manage collectively some local goods, this paper aims at establishing the empirical evidence for this phenomenon. Mobilizing spatial econometrics, the estimation results favor the idea proposed by Oates (1988) that the range of services provided by larger communities is more diversified than those offered by smaller ones. As a consequence of the zoo effect, establishment of a community could be considered as a good way to increase the variety of local public services supplied. Indeed, since by nature communities are bigger than their member municipalities, they are able to provide additional services that the latter would be unable to provide on their own. At the same time, we highlight that the intensity of the zoo effect depends on the urban-rural gradient: it is less intense in rural areas than in urban communities, suggesting that more substantial economies of scale may exist in urban areas or/and are more beneficial due to the internalization of spillovers. In terms of public policy, our results confirm the relevance of government incentives to develop cooperation among local municipalities in more densely populated areas.
As prospects, future research should estimate the degree of congestion in local public goods taking account of the zoo effect. Another extension would be to analyze the zoo effect for different classes of local public goods using discrete choice models. 15 Because of difficulties related to data availability, our database contains files from various years. However, the relatively gradual evolution of the data on municipalities' spatial position on the rural-urban gradient, and data on the competences exerted by communities because of important administrative waiting periods, makes this bias acceptable. 
